We present the complete threshold enhanced predictions in QCD for the total cross section of gluino pair production at hadron colliders at next-to-next-to-leading order. Thanks to the computation of the required one-loop hard matching coefficients our results are accurate to the next-tonext-to-leading logarithm. In a brief phenomenological study we provide predictions for the total hadronic cross sections at the LHC and we discuss the uncertainties arising from scale variations and the parton distribution functions.
Introduction
The Minimal Supersymmetric Standard Model (MSSM) is an attractive extension [1, 2] of the very successful Standard Model (SM) of particle physics. One property of the MSSM is its rich spectrum of heavy particles which might be discovered at the LHC if they are lighter than ≈ 2 TeV. Hadron colliders are especially appropriate to study color-charged particles. In the MSSM, the superpartners of the gluon and the quarks are the gluino, which is a Majorana fermion, and the scalar quarks (squarks), respectively. The associated superpartners of the SM particles have the same weak isospin, hypercharge and color charge.
Searches for supersymmetry have been performed at the Tevatron and the LHC with centerof-mass (cms) energies of 7 and 8 TeV. Due to its larger energy the best bounds on the masses of these hypothetical particles come now from the LHC. The production cross section for gluino pairs at the LHC is sizable. It is driven by the large gluon luminosity and it is further enhanced due to the large color charge of gluons and gluinos. However, no superpartners of the SM particles have been discovered so far.
A special feature of particle spectra in the constrained MSSM (CMSSM) are the large mass differences between squarks, gauginos, and sleptons, allowing cascading decays of the SUSY particles. At the Atlas experiment, searches for squarks and gluinos in a CMSSM framework are performed by looking for final states with a large number of jets and missing transverse momentum [3] , additional same sign leptons [4] or b-jets [5] . Gluino masses smaller than 840 GeV [3] , 550 − 700 GeV [4] , and 600 − 900 GeV [5] are excluded and similar results [6] [7] [8] [9] [10] are reported by the CMS experiment. The LHC bounds discussed above do not apply if the particle spectrum is compressed. In such scenarios, if the gluino is mass degenerate with the lightest supersymmetric particle and the squarks are decoupled, a lower mass bound of the gluino mass of 500 GeV holds (see Ref. [11] for a detailed discussion on how the LHC bounds change).
Theoretical predictions for gluino pair production up to next-to-leading-order (NLO) in QCD have been obtained in Ref. [12] . The hadronic leading order (LO) and NLO cross sections can be evaluated numerically using the program Prospino [13] . As an improvement beyond NLO, the threshold enhanced logarithms have been resummed to next-to-leading-logarithmic (NLL) accuracy [14, 15] , implying corrections of about 2 − 35% in comparison to the NLO cross section which depend on the gluino mass and the chosen parton distributions (PDFs). In Ref. [16] , threshold effects at NLO in QCD due to remnants of the 1S resonance of gluino bound states are discussed leading to an enhancement of the complete NLO threshold cross section of 7 − 9% compared to the fixed order predictions. Recently, the combined NLL resummation of threshold logarithms and the Coulomb corrections for gluino pair production has been studied in Ref. [17] and phenomenological predictions for cross sections at the LHC have been summarized in Ref. [18] . The inclusive cross section for squark-antisquark pair production has been subject to similar improvements in the past [14, 19] and presently, the corresponding predictions beyond NLO are exact to next-to-next-to-leading-logarithmic (NNLL) accuracy [20] . In contrast, the available results for gluino pair production are still limited to NLL accuracy, only.
In this article, we improve the available QCD predictions for gluino pair production to NNLL accuracy, putting it on par with the case of squark-antisquark pair production. To that end, we compute the missing hard matching coefficients at NLO near threshold. With our new results, we are able to provide QCD predictions for the total hadronic cross sections at approximately next-to-next-to-leading order (NNLO). These corrections lead to a further increase of the cross section of the order of 10% in comparison to the NLO results. As all searches for SUSY particles so far have resulted in exclusion limits only, a precise knowledge of the gluino pair production cross section in the threshold region is of special interest, because the size of the expected rates has a direct impact on the excluded mass range for gluinos. The article is organized as follows. In Sec. 2, we recall the basic ingredients of the hadronic and partonic production cross sections. In Sec. 3, we review the formalism of threshold resummation in Mellin space and then proceed to extract the color-decomposed NLO cross section at the threshold from known results for gluino-bound state production given in Ref. [16] . Verifying a general result of Ref. [21] , we then calculate the color-decomposed NNLO cross section in the threshold limit. Finally, we resum the cross section to NNLL accuracy, matched onto the approximated NNLO result. We check our analytic formulas by extracting the color-summed one-loop matching constants from Prospino via an appropriate fit in the threshold region. The hadronic production cross section is discussed in Sec. 4. The appendices contain useful analytical expressions for certain scalar n-point integrals and the expansion coefficients of the general resummation formula.
Theoretical Setup
We study the hadro-production of gluino pairs at the LHC (i.e. the reaction pp → g g) with its partonic sub processes
with the relevant LO Feynman diagrams shown in Fig. 1 . We focus on the inclusive hadronic cross section of hadro-production of gluino pairs, σ pp→ g gX , which is a function of the hadronic cms energy √ s, the gluino mass m g , the squark mass m q (assuming mass degeneracy among the squark flavors), and the renormalization and factorization scales, µ r and µ f , respectively. In the standard factorization approach of perturbative QCD, it reads
where the parton luminosities L ij are given as convolutions of the PDFs f i/p defined through
Here,ŝ denotes the partonic cms energy. As will be discussed below, the treatment of soft-gluon exchange in the final-state gluino pair requires the knowledge of the color-decomposed partonic cross sectionsσ ij, I . Setting µ f = µ r = µ, the latter is commonly expressed by dimensionless scaling functions f (kl) ij I in a power series in the strong coupling constant α s = α s (µ),
with
). We use the capital index I to label the admissible SU(3) color representations of the scattering reactions (1) and (2) . The decomposition of the gluon-fusion channel (1) into irreducible color representations is given by
and a suitable basis in terms of the generators of the adjoint representation of the SU(3) color can be found in [22] (see also [14] ). Likewise, for the quark-antiquark channel (2), we use the color basis
The partonic cross sections in Eq. (3) are recovered after summation over all color structures,
and, similarly, for the scaling functions in Eq. (5). The (color-summed) scaling functions at LO are given by [12] f (00) gg
with the abbreviations
The threshold expansion of the LO hard function for gluon-fusion depends only on the dimensionless variable β, which is zero at the thresholdŝ = 4m 2 g . The expanded LO function for quark-antiquark annihilation depends on β and on the ratio r of the squared squark to gluino masses. For r = 1, the linear term vanishes. Therefore, small mass differences between the gluino and the squark mass lead to a suppression of thechannel. The gq channel on the other hand is absent at tree level. Its NLO contribution at threshold is of the order β 3 ln(β) and thus strongly suppressed compared to the gg andchannels. We will therefore ignore its contribution to gluino production in the following discussion. However, we include its NLO contribution to the total hadronic cross section.
For the color decomposition of Eq. (6) we find in agreement with Ref. [14] the following Born scaling functions for the reaction (1),
with L 1 given in Eq. (11) . Note, that in the threshold limit, only symmetric color representations in Eq. (12) contribute, for which we define the normalization factor,
Forannihilation in Eq. (2), we obtain the LO scaling functions in the color decomposition of Eq. (7) as
with L 2 given in Eq. (11) . Note that at threshold, only the antisymmetric octet representation of thechannel contributes if the gluino and the squark masses are different. If the gluino and the squarks have equal masses, the antisymmetric octet scaling function is vanishing up to O(β 4 ), see Eq. (18) , and the symmetric singlet and octet scaling function contribute with the ratio 2 : 5 at the production threshold. If r = 1, the gluino pairs are produced in an S-wave, otherwise in a P-wave in that channel.
Higher order partonic cross sections at the threshold
At higher orders in QCD, the cross sections develop large threshold logarithms of the type ln(β) in the regionŝ ≈ 4m 2 g , which can be resummed systematically to all orders in perturbation theory. Here, we make use of techniques described in [23] [24] [25] [26] [27] [28] [29] . The resummation is performed in Mellin space after introducing moments N with respect to the variable ρ = 4m 2 g /ŝ of momentum space,
As the threshold limit β → 0 corresponds to N → ∞, all terms proportional to powers of 1/N will be discarded. The general resummation formula readŝ
where we have suppressed all dependence on the renormalization and factorization scale, µ r and µ f . The subscripts ij denote the production channel, where we consider ij = gg, qq. The exponent G ij, I contains all large threshold logarithms ln k N in Mellin-N space, and the resummed cross section, as indicated in Eq. (20) , is accurate up to terms which vanish as a power for large Mellin-N. To NNLL accuracy, G ij, I is commonly expanded as
where λ = a s β 0 ln N and we abbreviate a s = α s /(4π). The functions g k ij, I are derived from the double integral over a set of anomalous dimensions (see e.g., [29] [30] [31] ),
Here, the cusp anomalous-dimension A i refers to initial-state collinear gluon radiation, while any large-angle soft gluon radiation is contained in the function D ij, I , which splits into the functions
for initial-and final-state radiation, where D i can be taken from threshold resummation for the Drell-Yan process or for Higgs production in gluon-fusion. The perturbative expansions for the anomalous dimensions reads
(same for D i (α s ) etc.) and the expansion coefficients A i are both known to third order in a s from Refs. [32, 33] and [34, 35] , respectively. The function D
due to soft gluon emission in the final state depends on the SU(3) color representation of the final-state gluino pair and results up to second order in a s are given in Ref. [31] for heavy final states in arbitrary color representations 1 (see also [36] ). This suffices to compute the functions g
ii,I in Eq. (21) to NNLL accuracy, even with the dependence on the µ r and µ f separated (for the computation see, e.g., Refs. [29, 37] ). The explicit expression for g (1) ii can be read off from Eq. (A.5) of Ref. [30] , for g (2) ii from Eq. (A.7) and for g 3 ii,I from Eq. (A.9) of that reference with the replacements A
0 (note the sign convention for D QQ in [30] ), and
, where β l denote the well-known QCD beta-function coefficients in the normalization (24) .
As a last remaining step in achieving resummed predictions to NNLL accuracy in QCD, one has to extract the process-dependent matching constants g 0 ij, I in Eq. (20) . These consist of the hard coefficients g 0 ij, I (α s ) multiplied by Coulomb coefficients g 0, C ij, I (α s , N), which also account for the interference of Coulomb exchange with hard contributions and soft radiation. A perturbative expansion in analogy to Eq. (24) yields
This factorized form is already known from studies of the QCD hadro-production of heavy quarks (see also Ref. [38] ) and allows for a separate treatment of the resummation of threshold logarithms
ij, I (α s ) in the first case does not depend on the Mellin moment N, whereas in the second case g
In the following, we will focus on the computation of the one-loop hard matching coefficients which is the main new result of the present paper and which allows for the extraction of the expansion coefficients of g (0) ij, I in Eq. (25) to NNLL accuracy. All explicit expressions are given in App. B.
Before doing so, we briefly like to comment on the resummation of Coulomb corrections, which accounts for the bound-state effects in the gluino pair and which exploits an effective description of QCD in the non-relativistic regime. To leading power, it is long known that the so-called Sommerfeld factor ∆ C sums the pure Coulomb corrections in momentum space (β) corresponding to ladder diagrams [39] . One has [14] ,
where we have introduced the quantity D I = C I /2 − C A as a function of C A = 3 and the quadratic Casimir operators C I of the final-state SU(3) color representation. For initial-state gluons these take the numerical values
depending on the gluino pair being in the I = {1, 8, 27}-representation. In thechannel, only the anti-symmetric octet contributes at first order in the threshold expansion and we always set C I = C A = 3, thus it follows D I = −3/2 from Eq. (28) 2 .
1 Ref. [31] uses a different notation: The coefficients are denoted by D
HH , where n = l − 1. 2 The notations for D I vary in the literature: κ ij→ g g in Ref. [14] , C [R] in Ref. [16] and D R α in Ref. [21] (where it is explicitly given for top-quark production, which differs from the color configurations of gluino production).
A formal expansion of Eq. (26) in α s reproduces the NLO and NNLO pure Coulomb terms to leading power. However, the expansion does not converge due to the high inverse powers of β close to the threshold and those singular terms even cause a fixed-order expansion of Eq. (19) beyond NNLO to be ill-defined. In the context of hadronic heavy-quark production this has motivated detailed studies of the phenomenological effects of Coulomb resummation [40] . Methods and results for the combined resummation of threshold logarithms and the Coulomb corrections for heavy quarks have also been presented in [17, 31, 41] . The effect of Coulomb resummation for the total cross section is small, e.g. O(1%) for the related case of heavy-quark hadro production.
Let us now turn to the calculation of the necessary one-loop hard matching coefficients. To that end, recall that the NLO scaling functions f (10) gg and f (10)near threshold can be written in a factorized form with respect to the Born contributions as [12] 
where C gg 1 and C1 define the hard one-loop constants to be determined from matching to a fixed order NLO calculation near the threshold. For the former quantity, we actually need the individual components C gg 1, I with respect to the final-state color configuration. Therefore, we decompose Eq. (29) as
where D I and C I are defined in Eqs. (27) and (28) . Note, that only the color-symmetric states 1, 8, 27 contribute to the gluon-fusion channel, cf. Eq. (6), whereas the anti-symmetric octet scaling function is suppressed in the threshold limit and, therefore, neglected. For quark-antiquark annihilation, only the anti-symmetric octet channel is considered, see Eq. (7). Summation over all color configurations defines C gg 1 in Eq. (29) as
with N I given in Eq. (15) . The analytic expressions for the one-loop matching constants C gg 1, I and C
can be extracted from Ref. [16] , where the authors studied the QCD effects for a gluino bound state T with an invariant mass M. At the production threshold for gluino pairs, the differential cross section reads (cf. Eq. (5) in [16] )
where F ij→T, I denotes the hard scattering kernel, G I the Green's function of a non-relativistic Schrödinger equation, which accounts for the binding effects, and Γg the gluino decay width. Suppressing higher powers of β, the hard function can be factorized as (cf. Eq. (19) in [16] )
where z = M 2 /ŝ. V ij, I denotes the infrared-finite parts of the ultraviolet-regularized virtual corrections and R ij, I the real corrections. In the threshold limit, these quantities are unaffected by the dynamics of the bound state formation. Thus, the explicit expressions can be taken over for the calculation of the gluino pair production cross section in the threshold region, where the (imaginary part of the) Green's function in Eq. (33) is set to one. The difference between the 2 → 1 and 2 → 2 kinematics is encoded in the Born term F Born ij→T, I . In order to obtain the NLO hard kernels for gluino pair production, we simply have to replace the latter by our LO functions (12) and (18) . Setting the binding energy to zero, we further replace M by 2m g , and thus z by ρ in Eq. (34) .
In the related case of the QCD corrections to hadronic top-quark pair production, this procedure has been discussed in Ref. [42] , showing that the required NLO matching of the inclusive cross section to NNLL accuracy near threshold including the decomposition for color-singlet and color-octet states can be performed with the help of the NLO QCD corrections to hadroproduction of quarkonium [43] (see also Refs. [44, 45] ).
In the full MSSM, the number of both the quark and squark flavors, that enter the virtual NLO contributions, is given by n f = 6 and we set all squark masses equal. The one-loop matching coefficients C ij 1, I depend on the chosen regularization scheme and we find in dimensional reduction DR adopted in Ref. [16] ,
where we have defined
), as well as
while A8 a (r) is given in Eq. (31) of Ref. [16] . The results involve functions a 1 (r), b i (r), b i (r) and c i (r) which have been defined as certain limits of scalar one-, two-, and three-point integrals in the Appendix of Ref. [16] . For the convenience of the reader, we give the explicit analytic expressions in App. A.
The quantity A8 a (r) in Eq. (36) diverges in the limit r → 1, but multiplication with the Born cross section gives a finite result for the NLO scaling function in the threshold approximation (which is actually zero). This is due to the factor (1 − r) 2 , which shows up in the expansion of Eq. (18) . However, starting from O(β 5 ) (or O(β 3 ) in the color-summed result of Eq. (10)), there is no such factor and one would create an artificial divergence, if one inserts the full LO scaling function into Eq. (30) . On the other hand, it is clear that in the exact NLO result, the function A8 a (r) should also possess terms depending on β. These cancel the problematic higher order terms when multiplied with the Born function. Moreover, they give additional contributions to the NLO cross section, which are not treated by the ansatz (34) . Note, that in the gluon-fusion channel, Eq. (35) is free of artificial divergences and the function A gg I (r) is well defined for all r > 0.
Within the regularization scheme DR underlying Eqs. (35) and (36), the strong coupling constant is understood to be evaluated at a hard scale where all squark flavors as well as the gluino contribute within the virtual corrections. Conventional QCD computations on the other hand employ the MS-scheme, and so does the program Prospino [13] . In order to compare to the numerical output of Prospino in the MS-scheme, we have to perform a scheme transformation and decouple the SUSY particles as well as the top-quark from the spectrum. The necessary change of the renormalization scheme for α s and the decoupling can easily be done with the help of formulae given in Ref. [46] . Assuming that the top-quark is lighter than all sparticles, we have to add the following shift to the NLO scaling functions in Eq. (5) ∆ f (10) ij, I + f
where n l denotes the number of light (massless) quark flavors. This leads to the one-loop matching constants in the MS-scheme with a total of n f quark flavors (n f = n l + 1),
. (40) We remark here, that the gluino bound state computation of Ref. [16] has been performed in the limit m t → 0 wherever possible. Thus, the dependence on m t in Eq. (35) in the MS-scheme is only logarithmic. The NLO QCD corrections to the inclusive cross section [12] coded in the program Prospino [13] , on the other hand, account for the complete dependence on m t .
In order to cross check our analytic results in Eqs. (39) and (40), we numerically extract the one-loop hard matching coefficients of the color-summed NLO scaling functions at their threshold from Prospino, cf. Eq. (32). For our numerical analysis, we set the squark masses to 600 GeV and vary the gluino mass between 100 GeV and 2 TeV in steps of 100 GeV. The top-quark mass is set to 175 GeV in the on-shell scheme. According to Eq. (9), the LO scaling function of the gluonfusion channel does not depend on any of the SUSY masses and the top-quark mass dependence of C gg MS 1, I
has canceled in Eq. (39) . Thus, for the case of gluon-fusion, we find agreement with our analytic result within a few per mill over the whole range of input values. For qq-annihilation on the other hand, we encounter a dependence on the mass ratio r in Eq. (11) for equal squark masses and we expect deviations due to finite contributions proportional to the top-quark mass. We find differences between the expression for CMS 1, 8 a based on Ref. [16] in Eq. (40) and the result extracted from Prospino, which amount to the order of a few per cent especially for mass ratios r > 1. Altogether, this constitutes an important cross check, both of our derivation and of the original computation of the NLO corrections in Ref. [13] . Moreover, as already noted, the gluon channel is dominant for collider physics predictions at the LHC. Therefore, we are able to provide extremely accurate predictions for the gluino pair production cross section in the threshold region.
We are now in the position to present the NNLO cross section in the threshold limit exact to NNLL accuracy. All coefficients of the threshold logarithms ln n (β) at NNLO can be calculated would require a complete NNLO calculation, which is beyond the scope of the present study.
For the gluon-fusion channel we obtain in this way the NNLO scaling functions in the threshold approximation as, f (20) (41) and (42) agree with Ref. [21] where the approximate NNLO cross section at threshold has been computed for massive colored particle production in an arbitrary SU(3) color representation of the final state. In particular, they also contain subleading NNLO Coulomb terms and the non-relativistic kinetic-energy corrections, which do not follow directly from the resummed cross section (20) , but have to be determined from matching to explicit NNLO computations [47] [48] [49] [50] . The latter ones are given by terms proportional to D I (3 − 2D I (1 + v spin )) ln(β) in Eqs. (41) and (42) and depend on spin configuration of the g g final state through the quantity v spin . For the gluino pair in a spin-singlet configuration as realized for the S-wave in the {1, 8, 27} symmetric color representations of the gluon-fusion channel it takes the value v spin = 0. For a spin-triplet as in the antisymmetric octet representation of thechannel we have v spin = −2/3.
For direct comparison, we also present here the one-loop matching coefficients C (29), (30), (39) and (40), we find for µ f = µ r = µ
which displays an additional dependence on the renormalization scale due to the particular normalization of Ref. [21] . Also note, that our choice n f = 6 corresponds to n l + 1 in the notation of Ref. [21] .
For completeness we briefly list all functions governing the scale dependence up to NNLO in the gluino pair production cross section. These can be computed by standard renormalization group methods (see e.g., [42] ) in terms of coefficients β l of the QCD beta-function and the splitting functions P ij which govern the PDF evolution. For the hard functions f (11) ij in the MS-scheme we have
where ⊗ denotes the standard Mellin convolution, and repeated indices imply summation over admissible partons. The coefficients β l and P (k) ij are taken in an expansion in powers of α s /(4π) as in the normalization (24) (see Refs. [32, 33] ). The explicit expressions near threshold read
Recall, that n l denotes the number of light quark flavors. Likewise, at NNLO, the scale dependent part can be calculated by evaluating In Fig. 2 , we plot the color-summed NLO and NNLO scaling functions. For comparison we also show the exact LO results given in Eqs. (9) and (10) . We use a gluino mass m g = 750 GeV and squark masses m q = 600 GeV which correspond to r = 0.64. In the gluon-fusion channel, the dependence on r starts at NLO and is rather weak in the threshold region. For qq-annihilation however, one has a stronger dependence already starting at LO. The NLO results f (41) and (42) . The threshold approximation for the latter functions could, in principle, be improved by adding constraints imposed by the high-energy factorization, see [51] for related studies in topquark hadro-production. However, given the large gluino masses currently considered, this is not immediately relevant for phenomenology at current and foreseeable LHC energies.
It should be stressed further that the scaling functions in the gg channel exceed those of thechannel by about one order of magnitude as shown in Fig. 2 . Keeping in mind that also the parton luminosity at a proton-proton collider such as the LHC favors the channel with initial state gluons over the one with quarks in the TeV-regime, we conclude that gluon-fusion is by far the dominant source for g g-production at the LHC. Thus, the theory predictions of the inclusive g g hadro-production cross section are mainly governed by the gluino mass and are rather insensitive to the squark masses.
Hadronic cross section
Here we discuss the total hadronic cross section, which is obtained by convoluting the partonic scaling functions with the PDFs, see Eq. (3). For the numerical results we keep the threshold enhanced channels gg andat all orders up to NNLO, while we consider only the NLO contributions for gq, which are the leading contributions of this channel. As already discussed in Sec. 3, at the hadronic level, the gg-channel accounts for the largest part, whereas the contribution of the qq-channel is a few percent of the gg-channel, only.
For reasons of convenience, the computation of the hadronic cross sections employs a grid in the m g -m q -plane for the scale independent scaling functions f (10) ij , ij = gg, qq, gq, which has been extracted from Prospino. This grid has already been applied in the numerical check of the one-loop matching constant C (gg) 1 and C (qq) 1 (see the previous Sec. 3). For the hadronic cross section computation considered here, these scaling functions are used to calculate the exact scale dependent scaling functions f (11) ij , f (48) and (49) . Using these results together with the threshold approximation for f (20) ij from Eqs. (41) and (42) defines the theory predictions at approximate NNLO (dubbed NNLO approx in the sequel).
We work in the MS-scheme, which is implemented in Prospino with n l = 5 light quarks and an on-shell top quark with mass m t = 175 GeV [13] . The masses of squarks and stops are set equal to the value m q = 4/5m g so that the gluino is always the heavier particle. We use the PDF sets ABM11 NNLO [53] and MSTW2008 NNLO PDFs [52] irrespective of the order of perturbation theory. In Fig. 3 , we present total hadronic cross sections for gluino pair production at the LHC for the cms energies 7 TeV, 8 TeV and 14 TeV at LO, NLO and NNLO. The width of the bands indicates the theoretical uncertainty due to a variation of the scale µ in the range
The increase in the predicted rates due to the approximate NNLO corrections of the order of O(15 − 20)% at nominal scales is clearly visible and cross section numbers for selected gluino masses are given in Tabs. 1 -3. Over the plotted range of m g , the cross sections in Fig. 3 are decreasing over more than four orders of magnitude.
In Fig 4, we show as an example the scale dependence of the hadronic cross section for m g = 750 GeV, m q = m˜t [52] , ABM11 NNLO [53] . The QCD predictions are given at LO, NLO, and NNLO accuracy and for different gluino masses and scales
Finally, we compare the total cross section for the two PDF sets MSTW2008 NNLO [52] and ABM11 NNLO [53] in Fig. 5 . These PDF sets obtained in global fits differ significantly in the value of the strong coupling constant α s and the shape of the gluon PDF at large parton momentum fraction x, e.g., α s (M Z ) = 0.1134 ± 0.0011 for ABM11 and α s (M Z ) = 0.1171 ± 0.0014 for MSTW. These differences are marginally compatible and their origin has been discussed for instance in Ref. [53] . As a result, the cross sections calculated with the ABM11 set are of the order of O(30 − 50)% smaller over the whole range of gluino masses, see also Tabs. 2 and 3. As it stands, the differences in these non-perturbative parameter are the largest residual uncertainty in g gcross section predictions with direct implications also for exclusion limits on m g and m q reported by the LHC experiments.
Conclusion and Summary
We have studied the QCD corrections for gluino pair production at hadron colliders at NNLO in QCD. With the computation of the hard matching coefficients at NLO based on recent results for the production of gluino-bound states [16] , we were able to derive all logarithmically enhanced terms near threshold at NNLO. Our results allow for the evaluation of the resummed g g cross section to NNLL accuracy or, alternatively, for predictions at approximate NNLO accuracy at fixed order of perturbation theory. We have chosen the latter approach to illustrate the impact of our new results on the apparent convergence and the scale stability of the hadronic cross sections at the LHC. In summary, we were able to promote the predictions for the gluino pair production cross section in the threshold region to the next level of accuracy, now putting it on par with squark-antisquark pair production.
In advancing from NLO to approximate NNLO QCD predictions, we have found a significant increase in the rates, with K-factors of the order of O(15 − 20)% depending, of course, on the chosen squark and gluino masses. The residual scale uncertainty on the other hand is generally small, of the order of a few percent only, showing good perturbative stability of the result. The largest uncertainty in the current predictions for g g hadro-production is due to the necessary nonperturbative input, i.e., the value of α s (M Z ) and the shape of the gluon PDF, where differences between the PDF sets ABM11 and MSTW amount to the order of O(30 − 60)%. The impact of the latter differences on squark and gluino searches at the LHC is dramatic and the implications for any exclusion limits on squark and gluino masses has not been addressed so far in experimental analysis. Note that in the limit r → 1, all c i (r) apart from c 4 (r) simplify to −π 2 /8.
B Explicit expressions for the resummation formula
Here we give the process-dependent matching constants of the general resummation formula (20) in the MS(n l = 5)-scheme at NNLL accuracy. To that end, we find it convenient to introduce the parameter N = N exp(γ E ) and rearrange the terms in Eq. (21) (39) and (40) and the variables C I and D I in Eqs. (27) and (28) . Note that the presently unknown two-loop matching coefficients C 
